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Introduction
Data generated by following three birth cohorts in the city of Pelotas, Southern Brazil (1982, 1993, and 2004 ) documents improvements in a number of maternal and child health indicators. For example, there was a significant decrease in infant mortality in this period (from 34.6/1,000 live births in 1982 to 19 .0/1,000 in 2004) 1 , as well as a more than twofold increase in breastfeeding duration (from 3.1 to 6.8 months in the same period) 2 . However, some important determinants of morbidity have increased in these two decades, including frequency of preterm births (from 6.3% to 14.7%) and low birthweight (from 9% to 10%) 3 . In Brazil, social inequity plays an important role as a determinant of child health, poorer children being more exposed to risk factors and having less access to preventative and curative interventions 4, 5 .
Previous publications from the 1982 and 1993 Pelotas cohorts showed that hospitalization in the first year of life is more prevalent among children with low birthweight and lower family income 6, 7 . Whereas the major determinants of hospitalization in the first year of life have been well described, there is a lack of studies evaluating hospitalizations throughout childhood and early adolescence. Given that reasons for hospital admission change as a child grows, the determinants of hospitalization are also likely to vary with age 8 . The aim of the present study was to describe the cumulative incidence of hospitalizations in the first year of life and between 1 and 11 years of age, and to identify early-life risk factors for these outcomes.
Methods
We monitored all 5,249 hospital births taken place in the city of Pelotas in 1993. While still in the hospital, all mothers responded to a questionnaire, and all newborn babies were weighed and measured. Subsamples of this population were visited at ages 1, 3, 6, and 12 months and 4, 6, and 9 years. In 2004-2005 we carried out a follow-up of all cohort members, the details of which have been published elsewhere 9 .
The outcome of the present analysis -hospitalization -was defined as a stay in a hospital lasting longer than 24 hours. Data sources differed for the different age ranges studied. For hospitalizations in the first year of life, a team visited the city's five hospitals on a daily basis, inquiring whether any child born in 1993 had been hospitalized that day. Information on hospitalizations between ages 1 and 11 years were obtained during the 2004-2005, when we asked mothers visit whether their child had ever been hospitalized. In case of a positive answer, we also obtained information on the number of times the child had been hospitalized, from which we subtracted the number of hospitalizations in the first year of life. For the analyses in the present study, we disregarded the number of hospitalizations, creating a dichotomous variable (yes/no) for the outcome, which did not require any adjustment due to the absence of independence between the two measures.
Independent variables investigated included self-reported skin color (white, black/mixed), family income in minimum wages at birth (> 10.0; 6.1-10.0; 3.1-6.0; 1.1-3.0; ≤ 1.0), maternal and paternal smoking during pregnancy (yes/ no), gestational age (≥ 37; < 37 weeks), low birthweight (< 2,500g), total duration of breastfeeding in months (≥ 12.0; 9-11.9; 6-8.9; 3-5.9; 1-2.9; 0-0.9), and smoking in the household on occasion of the child's first birthday. Given the difference in mean birthweight between boys and girls, we chose to analyze data stratified by sex, using percentile 10 for defining low birthweight (< 2,570g for boys and < 2,480g for girls). Breastfeeding and smoking in the household when the child was one year old were not studied in relation to hospitalizations during the first year of life due to the impossibility to establish a temporal relationship between these events. All independent variables were collected for all children during the postnatal interview, with two exceptions. Duration of breastfeeding and smoking in the household in 1994 were collected during the one year follow-up, which included all low-birthweight children plus 20% of the remaining children. Analyses that included these variables were weighted to compensate for the oversampling of low birthweight children.
We analyzed data using the Stata 9.2 statistical package (Stata Corp., College Station, USA). We initially described the cumulative incidence of the outcome with its respective 95% confidence intervals (95%CI) for the two studied age groups and later carried out crude and adjusted analysis (cumulative incidence ratio), stratified by sex. We used the chi-squared and Wald tests for heterogeneity and linear trend.
Analyses were adjusted for confounders according to a hierarchical model which included skin color and family income in its first level and maternal and paternal smoking during pregnancy, gestational age, and low birthweight in its second level. Given the smaller number of observations, breastfeeding and smoking in the household in 1994 were included in the third determination level, which allowed us to maintain practically the entire sample in the multilevel analysis up to the second level.
The present study was approved by the Research Ethics Committee of the School of Medicine, Federal University in Pelotas. Parents or caretakers signed a term of free informed consent authorizing the youth to participate in the study.
Results
The percentage of children hospitalized from ages 0 to 1 and 1 to 11 years was 18.1% (95%CI: 15.7; 20.5) and 30.7 (95%CI: 28.5; 33.5), respectively. Boys were more frequently hospitalized than girls (18.4% vs. 16.1% in the first year and 33.9% vs. 27.4% in the next 10 years). Cause of hospitalization was collected only for events taken place in the first year of life and in the 12 months preceding the 2004-2005 interview. In the latter period, 87 adolescents were hospitalized (2% of subjects). In the first year, there was a predominance of hospitalizations from infectious diseases (19.6% from respiratory infections, 14.8% from gastrointestinal infections, 9.7% from acute bronchitis, 5% due to preterm birth, and the remaining due to other causes). On the other hand, reasons for hospitalization at age 10-11 years were more varied: 15 from respiratory disease (especially bronchial asthma), 15 from di- gestive problems (abdominal hernias, appendicitis, etc.); 12 for carrying out complex laboratory investigations, and 6 from external causes. The remaining hospitalizations were due to a large number of distinct causes.
Among mothers who claimed their children had not been hospitalized in the first year of life, 93.1% were correct according to data collected between the child's birth and first birthday (negative predictive value). The negative predictive value was directly associated with the assets index (89.5% in the poorest quintile and 96% in the richest). Table 1 shows that hospitalizations in the first year were more frequent among children of black/mixed skin, whose family income was Table 1 Cumulative incidence of hospitalization in and after the fi rst year of life. equal to or lower than one minimum wage, whose mother and father smoked during pregnancy, and who were preterm and low birthweight. Low family income was associated with hospitalization between 1 and 11 years of age. Shorter duration of predominant breastfeeding was also significantly associated with hospitalization after the first year, but did not show a dose-response effect; intermediate breastfeeding categories (1.0-2.9 and 3.0-5.9 months) showed the highest incidence of hospitalization (27.8% and 27.9%), respectively (p = 0.005).
Given the small number of hospitalizations during the 12 months preceding the 2004-2005 interview, we were unable to carry out more detailed analyses of this outcome. It is worth noting, however, that these were more frequent among boys (2.7% of the sample) than among girls (1.3%).
Crude and adjusted analysis of hospitalizations among boys during the first year of life (Table 2) showed that low family income, paternal smoking during pregnancy, preterm birth, and low birthweight remained significant risk factors even after confounder control. The association with black/mixed skin lost statistical significance in adjusted analysis, even though it led to a 20% increase in risk of hospitalization at this age (p = 0.06).
The same variables were associated with hospitalization among girls (Table 3) , in addition to black/mixed skin color, which was also significantly associated with hospitalization. Maternal smoking during pregnancy, which was associated with the outcome in crude analysis, lost statistical significance after adjustment.
The results of the crude analysis of hospitalizations among boys at age 1-11 years remained after adjustment, i.e., only low income and gestational age ≥ 37 weeks were significantly associated with the outcome (Table 4 ). Among girls (Table 5) , none of the variables investigated was significantly associated with hospitalization between ages 1 and 11 years.
Discussion
Studies of hospitalizations among children and adolescents are useful for identifying determinants, which can guide the adoption of preventative measures aimed at reducing its prevalence. In middle-income countries such as Brazil, there is a relative scarcity of prospective cohort studies with medium to long-term follow up -which allow one to describe the occurrence of hospitalizations and its risk factors throughout the life cycle 10 .
In the present study, hospitalization in the first year of life was monitored by the study team, thus avoiding recall bias. However, hospitalization between ages 1 and 11 years was reported by the mother at age 11, and may have been underestimated. We do not have direct data on the potential magnitude of underestimation for the 1-11 age group, though, as shown above, 6.8% of mothers who in 2004-2005 reported that their children had never been admitted to the hospital were wrong, since the monitoring system had detected the hospitalization of these children during their first year of life.
Low family income was directly associated with hospitalizations in the first year, showing a dose-response trend. This is in agreement with previous studies carried out in Pelotas 6 . Infections are the major cause of hospitalization at this age, and poor children, in addition to being more exposed to environmental hazards, Table 3 Crude and adjusted analysis of the effects of independent variables on hospitalization in the fi rst year of life, among girls. Table 4 Crude and adjusted analysis of the effects of independent variables on hospitalization after the fi rst year of life, among boys. are also less covered by preventative interventions and have less access to laboratory tests and drugs that could potentially prevent hospitalization. Interviews with local physicians suggest that hospitalization is a frequent strategy used to ensure access to diagnostic and therapeutic procedures among poor children, since these procedures are not always readily available at the outpatient level. The same inverse association with family income was found for hospitalizations between ages 1 and 11 among boys, though the magnitude of this risk was lower than that of hospitalization in the first year. Although there was a similar trend with regard to income among girls, this association was not statistically significant. Table 5 Crude and adjusted analysis of the effects of independent variables on hospitalization after the fi rst year of life, among girls. The present study was carried out in an urban setting, where availability of primary, secondary, and tertiary healthcare services under the Unified National Health System (SUS) is high. There were therefore no economic barriers to access to hospital admission. Studies from other lowand middle-income countries show a different pattern, with important barriers preventing the access of poorer and rural populations to hospitalization. Our results must therefore not be extrapolated to these other contexts.
Childhood morbidity is generally higher among boys 11 , which is in agreement with our finding that hospitalizations are more frequent among boys in both age groups studied. A survey of hospitalizations from respiratory infections carried out in Denmark showed that, between age 15 and 25 years, risk of hospitalization is higher among females 11 .
Although there are reports in the literature of an association between smoking during pregnancy and hospitalizations from various causes 12, 13, 14 , our data show such an association only for boys hospitalized between 0 and 1 year of age, and related to paternal and not maternal smoking. Likewise, although there is a reported association between preterm birth and hospitalization in the first five years of life 15 , adolescence, and early adulthood 16 , in our cohort this association was true only for hospitalization during the first year. On the contrary, we detected a significant association between gestational age ≥ 37 weeks and later hospitalizations among boys. There is no clear explanation for this finding, which deserves further investigation.
Low birthweight was a risk factor for hospitalizations between birth and 1 year of age. A population-based cohort study from Denmark showed an inverse association between birthweight and risk of hospitalization from infectious diseases between ages 0 and 14 years, with a 9% increase in risk of hospitalization for every 500g reduction in birthweight 17 . In our cohort, such an association was not evident for later hospitalization. A possible explanation for this finding is the fact that our study, unlike the Danish one, excluded from the analysis of late hospitalizations all instances taken place during the first year of life.
The protection offered by breastfeeding against infant morbidity (especially related to infectious disease) has been thoroughly demonstrated in the literature 18, 19, 20, 21 . In our cohort, however, since we collected data on breastfeeding only at the age of 12 months, we were unable to test this association given the possibility of reverse causality bias -i.e., that hospitalization may have interrupted breastfeeding. There was no association between breastfeeding and later hospitalization.
Hospitalizations are an important indicator of severe morbidity and should be monitored in all age groups. The present study shows, in agreement with the international literature, that hospitalizations during the first year of life among both boys and girls are strongly associated with well known risk factors such as poverty, preterm birth, and low birthweight 22, 23 . The influence of early factors on hospitalization between ages 1 and 11, however, is less evident, given the variety of causes to which the latter is associated. 
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